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led I. of the next PLD, as shown in that figure. The 
input of the last PLO 130k is tied to ground. The 
serial connections 180 allow the data in the PLSSR 
to t>e shifted through all 320 stages with only one 
data line connecting the PLDs. s 

Referring now to Rgures 5A-5F collectively, at 
the t)eginning of a scan for a touch, the counters 
158. 174 are reset to OOH. the STOP signal gen- 
erated by R-S latch 172 is a logical ZERO, and the 
SAMPLE signal generated by the clock circuit 150 to 
and the DISABLE signal generated by R-S latch 
164 are a logical ONE. Every 20.5 us. the k>gical 
ONE in the ring counter 156 is passed from the 
current stage Y„ to the next stage Y„+i responsive 
to the YCLK. As explained above, each y-driver is is 
held at a togical ONE ( + 5 VDC) for 20.5 us. The 
20.5 us value is somewhat arbitrary, but is believed 
to provide a comfortable medium t>etween very 
rapid scanning, which is governed by the time- 
constant of each conductor and which would in- 20 
crease the electromagnetic interference with sur- 
rounding electronic devices, and very slow scan- 
ning, which would cause the scanning rate to be 
too slow for digitizing the fluid stylus strokes of. for 
example, handwriting. 2s 

As each y-conductor is driven by its associated 
y-driver, the y-counter 158 counts responsive to 
the YCLK. Thus, the value of the y-counter 158 
corresponds to the y-conductor currentiy l>eing 
driven. The y-counter 158 is configured to t>e reset 30 
to OOH responsive to YCLEAR. YCLEAR is asserted 
responsive to a completed scan of all y-conductors^ 
At 19.875 us into the 20.5 us assertion period 
of each y-driver, the SAMPLE signal is asserted by 
placing it at a logical ZERO and placing K at a 35 
logical ONE 500 ns later, as shown In Figure 5E. 
Responsive to the SAMPLE signal being asserted, 
tiie PLSSR 170 latches the contents of all the x- 
conductors 12. Normally, all the latched x<onduc- 
tor values will be at togical ZERO, ff the y-conduc- 4o 
tor that is being driven to a togical ONE is touching 
Of>e of the x-conductors in the manner shown in 
Rgure IE, then one of the latched x-conductor 
values will also be a togical ONE. On the other 
hand, if ttie y-conductor that is at a togical ONE is 45 
not touching one of the x-conductors in the manner 
shown in Figure IE, then all of the latched values 
will l>e a logical ZERO. Immediately after latching 
the x-conductor values, the PLSSR 170 t>egins 
sequentially shifting all the x-cofKjuctor values re- so 
sponsive to the XCLK and sequentially inputting 
them to the R-S latch 172. 

As each x-conductor value is shifted past the 
R-S latch 172, the x-counter 174 counts responsive 
to the XCLK. Thus, the value of the x-counter 174 55 
corresponds to the x-conductor the value of which 
is being shifted past the R-S latch. The x-counter 
174 is configured to t>e reset responsive to 



XCLEAR. XCI-EAR resets the x-counter to OOH 
after all the x-cor)ductor values have t>een shifted 
past the R-S latch 172, unless a ONE is detected, 
in which case the x-counter is cleared after the x- 
counter value has been latched into the x-latch 176 
and k>efore YO is driven. 

In short each y-conductor 18 is sequentially 
raised to a voltage cpn-esponding to a kjgical ONE. 
While each y-conductor is a logical ONE. the value 
of all the x-conductors 12 are simultaneously 
latched and then very rapidly serially shifted to 
detect the presence of a togical ONE, which in- 
dicates a closure event as shown in Figure IE. 
After each cycle of sequentially driving all the y- 
conductors 18, the R-S latch 164 clears the DIS- 
ABLE signal responsive to Y239, thereby signaling 
to the microcontroller 132 that data Is about to 
change and therefore disabling data reads by the 
microcontroller 132. 

If none of the x-conductor values are a ONE, 
then no closure event has taken place and the y- 
counter 158 and x-counter 174 count while the y- 
conductors continue to t>e sequentially driven and 
the x-conductor values continue to be simulta- 
neously latched and serially shifted. 

On the other hand, if one of the x-conductor 
values shifted past the R-S latch 172 is a logical 
ONE. the output of the R-S latch 172 becomes a 
logical ONE thereby asserting tf>e STOP signal. 
Responsive to the STOP signal being asserted the 
y-counter 158 and the x-counter 174 stop counting, 
even though the PLSSR 170 continues to shift the 
x-conductor values past the R-S latch 172 and the 
ring counter 156 continues to pass the togical ONE 
from one stage to the next. Thus, the moment the 
STOP signal is asserted, the coordinates of the 
touched location are contained in the counters 158, 
174. The STOP signal remains asserted until the 
FSYNC3 signal of the next cycte becomes active. 

Next, responsive to the STOP and FSYNC1 
signals being asserted, the values in the counters 
158, 174 are latched into their respective latches 
160, 176. Rnally, responsive to FSYNC2, the R-S 
latch 164 sets the DISABLE signal, thereby sig- 
naling to the microcontroltor 132 that data is 
latched and available, thereby enabling data reads 
by the microcontroller 132. 

The microcontroller 132 periodically polls the 
values latched in the latches 160. 176 responsive 
to tiie DISABLE signal. The microcontroltor 132 
then encodes the data into a format suitable for 
serial transmission over the serial line to the per- 
sonal computer. The exact data encoding algorithm 
is not critical and depends entirely upon the soft- 
ware driver executing on the computer system: 
different software drivers might require the data to . 
t>e different formats, as known to those skilled in 
the art The data must match the software on the 
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computer system. Alternatively, the data can be 
compressed using any of the well known compres- 
sion algorithms. The encoded values are transmit- 
ted out the TxO output of the microcontroller 132 
via the RS-232 driver 120 to pin 2 of the DB-9 
connector 140, 

Alterations and modifications to the circuitry 
will be apparent to those skilled in the art. For 
example, the Y lines can be defaulted to a logical 
ONE and a logical ZERO passed around the ring 
counter 156. As another example, the drivers and 
receivers need not be implemented in PLDs. Rath- 
er, an application-specific integrated circuit (ASIC) 
could be designed and fabricated to perform the 
required interface functions. In addition, the 244-bit 
ring counter 156, the 320-bit PLSSR 170. and the 
other circuitry can be implemented on a single 
massive ASIC. Such an ASIC might use active 
pullups and pulldowns instead of the passive pull- 
down resistors 138. Such circuits are known in the 
art and use. for example, two NPN transistors, with 
the collector of the first connected to the emitter of 
the second, the emitter of the first connected 
through a resistor to a voltage associated with a 
logical ONE. the collector of the second connected 
through a resistor to a voltage near ground, the 
bases of the transistors connected to respective 
driver circuitry, and the tied emitter-collector con- 
nected to the x-conductors. 

Referring now to Rgure 6 a block diagram of 
the electronics used to interface to the dual sensor 
of the present invention is shown. The circuitry 
includes coarse y-drivers 190, coarse x-receivers 
192. fine y-drivers 194. and fine x-receivers 196 all 
in circuit communication with coordinate determin- 
ing circuitry 198. As with the circuit of Figures 5 A, 
5B. and 5F. each of the coarse y-drivers 190 drives 
a single coarse y-conductor 32, Likewise, each of 
the coarse x-receivers' 192 receives data from a 
single coarse x-conductor 38. 

However, the fine 'conductors 42. 48 are dif- 
ferent. Each of the fine y-drivers 194 drives more 
than one fine y-conductor 42. Likewise, each of the 
fine x-receivers 196 receives data from more than 
one fine x-conductor 48. In Figure 6, the ratio is 
four fine conductors per coarse conductor along 
both axes. Preferably a ratio of 16 fine conductors 
per coarse conductor along both axes would be 
used. Thus, there would be fifteen coarse y-con- 
ductors 32 corresponding to the 240 fine y-conduc- 
tors 42. and twenty coarse x-conductors 38 cor- 
responding to the 320 fine x-conductors 48, 

The coordinate determining circuitry 198 can 
be designed very similarly to the circuits of Figures 
5B-5F. A pair of ring counters can t>e used to 
sequentially drive the coarse and fine y-conductors 
32. 42. A pair of parallel load/serial shift registers 
can be used to simultaneously sample the coarse 



and fine x-conductors 38. 48. The circuitry 198 
differs from that in Figures 5B-5F in that the inter- 
section of the coarse conductors 32, 38 and the 
intersection of the fine conductors 42, 48 are used 
5 to determine the exact k)cation of the touched 
region. 

For example, using the device of Figure 6. the 
coarse intersection might indicate that the touch Is 
four coarse rows down and five coarse columns 
10 over and the fine intersection might indicate that 
the touched location is three fine rows down and 
two fine columns over. The exact location would bo 
determined by the fine value plus the coarse value 
times the number of fine conductors per coarse 
J 5 conductor. In the above example the exact location 
would be 19 (3 + 4x4) fine y-conductors down by 
22 (2 + 5x4) fine x-conductors over. 

Many configurations are possible for the co- 
ordinate determining circuitry 198. The critical as- 
20 pect is to use both intersections of the dual sensor 
to determine the coordinates of the touched loca- 
tion. For example, the y-counter and x-counter 
could be implemented with two counting inputs: a 
count-by-four input and a count-by-one input Uke 
25 the circuit in Rgures 5A-5F. tfie two counters would 
count until an intersection is detected. Unlike the 
circuit in Figures 5A-5F. the counters would first 
count by fours count by the number of fine 
conductors per coarse conductors on that axis) 
30 until a coarse intersection is detected and then 
count by ones until a fine intersection is detected. 
Many circuits are possible and witiiin the skill of 
those skitled in the art 

Using the dual sensor greatiy simplifies and 
35 reduces tfie size of tiie electronics needed to de- 
termine the coordinates of the touched location. 
The 320-by-240 circuit of Rgure 5B requires 560 
drivers and receivers: 240 y-drivers and 320 x- 
receivers. By comparison, a dual sensor of the 
40 same 320-by-240 resolution could be made with 16 
fine y-conductors per coarse y-conductor and 16 
fine x-conductors per coarse x-conductor. A coordi- 
nate determining circuit 198 to interface to such a 
320-by-240 dual sensor would need only 67 drivers 
45 and receivers: 15 individual coarse y-drivers, 20 
individual coarse x-receivers. 16 individual fine y- 
drivers. arid 16 individual x-receivers. Moreover, 
eitfier the coarse and fine y-drivers or the coarse 
and fine x-receivers can be shared, thereby further 
so reducing the driver and receiver count to 51. That 
is. the y-drivers can each drive one coarse y- 
conductor and sixteen fine y-conductors. In the 
alternative, the x-receivers can each receive data 
from one coarse x-conductor and sixteen fine x- 
55 conductors. Thus, the dual sensor greatiy reduces 
the number of drivers and receivers needed to 
interface to the drcuit. 
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Reducing the number of drivers and receivers 
reduces both the size and the cost of the electron- 
ics. The circuits require one device pin per driver 
and one device pin per receiver. The circuit of 
Rgure 5B has 560 drivers and receivers requiring 
560 device pins and therefore used nine large 
EPLDs. which could only be replaced by an equal- 
ly large ASIC or ASICs. The device described in 
the above paragraph can be made with 67 or as 
little as 51 drivers and receivers, thereby allowing 
the entire circuit to t>e designed into a single EPLD 
or a very small ASIC. The reduction in pin-count is 
virtually an order of magnitude less. Consequently, 
a much smaller and less costly electronic interface 
circuit can t>e used with the dual sensor. 

Referring now to Figures 7A-7C. another em- 
bodiment of the sensor is shown. In the previously 
described emt>odiments, the conductors were 
shown as t>eing rail-like. That is. the conductors 
were shown as being shaped substantially like rec- 
tangular parallelopipeds with one axis substantially 
greater in length than either of the other two axes. 
However, other conductor shapes are possible. 

In the previous embodiments, the possible in- 
tersection area is relatively small in comparison to 
the total area of the touchpad sensor surface. A 
significant number of blind spots exist. For exam- 
ple, it is conceivable that a user might draw a 
substantially horizontal or vertical line with the sty- 
lus that lies substantially on top of an insulator. 
Very few intersections would occur and therefore, 
the input to the personal computer would t>e a poor 
approximation of the actual touched locations. Ana- 
lytically, if the conductors are the same width as 
the insulators, then only approximately 25% of the 
surface can act as a contact area. Practically 
speaking, this is not a serious drawback because 
the tip of the stylus tends to slip off of the conduc- 
tor and into one of the contact areas. 

Even so, other configurations can greatly in- 
crease the total contact area. Rgure 7A shows one 
pattern of conductors 200 that results in signifi- 
cantiy fewer blind spots. The pattern consists of 
circular conductive pads 202 corwiected by con- 
ductive isthmuses 204. The plurality of conductive 
paths fomned by the pads 202 and the isthmuses 
204 are non-intersecting and lie longitudinally, as in 
the other embodiments. The pads 202 and isth- 
muses 204 can be of the same materials as de- 
scribed in the previous emlx>diments. In Rgure 7A 
the pads 202 are circular in shape; however, other 
pad shapes are possible. Preferably, the pads are 
such that the total contact area as a percentage of 
total sensor surface area is higher than that of the 
emtxxjiment of Rgure 1A-1C. As with the previous 
embodiments, the size and spacing of the pads 
and isthmuses depends on the desired resolution 
of tt^ sensor. Preferably, the pads 202 are sub- 



stantially the same size and are spaced substan* 
tially equidistant from each other. Preferably the 
isthmuses are substantially the same size and are 
spaced substantially equidistant from each other. 

5 Rgure 7B shows a touchpad sensor 210 com- 

prising two of the pattems of Rgure 7A. The first 
pattern has pads 202 and isthmuses 204 and the 
second pattern has pads 212 and isthmuses 214. 
The second pattern is rotated 90* such that the 

10 conductive paths of each are skewed and prefer- 
ably orthogonally to each other. The two pattems 
are separated by insulating pads 216 at the inter- 
sections of the isthmuses 204. 214 as viewed from 
the top. 

IS The relationship t>etween the two pattems is 
better understood with reference to Rgure 7C. Rg- 
ure 7C shows the insulating pads 216, conductive 
pads 202. 212, and the isthmuses 204, 214. The 
insulating pads 216 are configured such that con- 

20 ductive pads 202, 212 are separated by a gap 218. 
As with the previous embodiments, the gap can be 
air or an inert gas. Also, as with the emtx>diment of 
Rgure 1A-1C, the pads 212 and isthmuses 214 are 
disposed on a rigid substrate 220 and the pads 202 

25 and isthmuses 204 are disposed on a flexible sut)- 
strate 222. The conductive pads 202, 212 and 
conductive isthmuses 204. 214 can t>e made of the 
same materials and applied in the manner as the 
conductors descrit>ed above. The insulating pads 

30 216 can be made of the same materials and ap- 
plied in the manner as the insulators described 
above. 

Analytically, the contact area of the emtx>di- 
ment of Rgure 7B is approximately 40% of the 

35 total area of the sensor surface, ff the circular 
conductive pads are increased in size until they are 
just separated, the contact area can be approxi- 
mately 75% of the total sensor surface area. 

The electronics for driving the emtxxiiment of 

40 Rgure 76 is very similar if not identical to that 
shown in Rgures 5A-5F. One possible modification 
is to slightiy skew the resulting coordinates be- 
cause in the sensor of Rgures 1A-1C the adjacent 
contact areas are horizontal and vertical and in the 

45 embodiment of Rgure 78. the adjacent contact 
areas lie along diagonals. 

Referring now to Figure 8, the electrical con- 
nections of the various conductors to the circuit 
components is shown, somewhat diagrammatically. 

50 As can be seen in Rgure 8. the many integrated 
circuits of Rgures 5A-5E are mounted on two dou- 
ble-sided printed drcuit boards 10, 300. The print- 
ed circuit board 10 is the same t>oard 10 used as 
the substrate for the embodiment of the sensor 

55 shown in Rgures 1A-1E. The conductors 12 on the 
one side 304 of the substrate 10 are connected 
through vias 302 formed through the substrate 10 
to the circuitry 130f-130k via circuit traces 308 on 
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the opposite side 306 of the substrate 10. 

The other circuitry 130a-130e is disposed on 
the second PCB 300 and electrically connected to 
printed circuit traces 309. The conductors 18 on 
the membrane 16 are connected to electrical cir- 
cuitry 130a-130e via a 240-line flexible connector 
cable 310 having circuit traces 312 thereon. The 
cable 310 can t>e made of the same material as the 
other flexible membranes 16, 36, and 46. The 
circuit traces 312 can be made of conductive ink 
like the conductors 18. 38. 42. and 48 and applied 
as such. The connection of the cable 310 to the 
conductors 18 and traces 309 is preferably by 
conducting adhesive 314. The adhesive can be an 
anisotropic conductive adhesive such as an epoxy 
with conducting particles suspended therein, as Is 
known in the art. The conductors are aligned, the 
adhesive is applied, and the tx^nd area is heated, 
and held under pressure until the epoxy sets. The 
anisotropic adhesive provides electrically conduct- 
ing adhesion between the conductors 312 and 18 
and conductors 312 and 309 and non-electrically 
conducting adhesion elsewhere. The substrate 300 
also is preferably formed of glass-filled epoxy, 
such as FR4 and has mounted on the top surface 
additional circuit chips to perform the functions of 
Figure 5A-5F. Various other components (not 
shown) are mounted on the boards 10 and 300. 
such as the diodes 136 and resistors 138. both in 
surface mount form. The boards 10 and 300 are 
interconnected by stand-offs (not shown), which are 
well known in the art. The same arrangement of 
circuitry is used for the dual sensor of the present 
invention. 

Although not necessary, the two substrates 10, 
16 can t>e sealed with a sealing material 316. Many 
materials are suitable, such as transfer adhesives 
and their equivalents and injected adhesives. Such 
adhesives are known in the art and available from 
numerous sources, such as the 3M Company. 

The following sigrl^ls are communicated be- 
tween the two boards 10. 300 with well known 
inter-PCB connectors: the 16 MHz ctock, SAMPLE, 
FSYNC1. FSYNC2, FSYNC3. STOP. LX0-LX8, and 
the power supply sources. The entire structure is 
then enclosed in a sealable case (not shown), 
which can t>e henmeticaily sealed, as known by 
those skilled in the art. This case may include an 
additional flexible membrane covering the substrate 
16 to improve its scratch and wear resistance. 

The same type of physical sealing and mount- 
ing is applicable to a touchpad made with the dual 
sensor of the present invention. 

While the present invention has been illustrated 
by the description of embodiments thereof, and 
while the embodiments have been described in 
considerable detail, it is not the intention of the 
applicant to restrict or in any way limit the scope of 



the appended claims to such detail. Additional ad- 
vantages and modifications will readily appear to 
those skilled in the art. For example, different 
shapes of conductors might increase the contact 

5 area even further and still provide sufficient elec- 
trical isolation between the circuits. As another ex- 
ample, two fine sensors of Rgures 1A-1E can be 
sandwiched in the manner of Rgures 2A-2E and 
aligned such that the conductors of one overlap the 

10 insulators of another, thereby achieving a compos- 
ite contact area of virtually 100%. Therefore, the 
invention in its broader aspects is not limited to the 
specific details, representative apparatus and meth- 
od, and illustrative examples shown and described. 

T5 Accordingly, departures may be made from such 
details without departing from the scope of the 
applicant's general inventive concept. 

Claims 

20 

1. A dual sensor comprising: 

a first touchpad sensor having a first reso- 
lution; and 

a second touchpad sensor substantially 
2S the same size as said first touchpad sensor, 

having a second resolution, and positioned 
proximate to said first touchpad sensor; 

wherein said first touchpad resolution is 
different from said second touchpad resolution; 
30 and 

wherein said first and second touchpad 
sensors are configured and positioned such 
that a single touch of a finger, stylus, or the 
like is detectable by both said first touchpad 
35 sensor and said second touchpad sensor. 

2. A dual sensor as claimed in claim 1 wherein 
said first touchpad sensor is aligned substan- 
tially orthogonally with respect to said second 

40 touchpad sensor in plan view. 

3. A dual sensor as claimed in daim 1 wherein 
said first touchpad sensor has one fourth the 
resolution of said secor>d touchpad sensor. 

45 

4. A dual sensor as claimed in claim 1: 

vrherein said first touchpad sensor has first 
and second pluralities of conductors associ- 
ated therewith; 

so wherein said second touchpad sensor has 

third and fourth pluralities of conductors asso- 
ciated therewith; and 

wherein said first and second touchpad 
sensors are configured and positioned such 

55 that a single touch of a finger, stylus, or the 

like causes at least one of said first plurality of 
conductors to coact with at least one of said 
second plurality of conductors such that the 
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location of tha touch can be determined there- 
from and further causes at least one of said 
third plurality of conductors to coact with at 
least one of said fourth plurality of conductors 
such that the location of the touch can be s 
determined therefrom. 

5. A dual sensor comprising: 

a first plurality of parallel conductors each 
spaced from adjacent conductors of said first io 
plurality of parallel conductors by a pair of 
insulators of a first plurality of insulators: 

a second plurality of parallel conductors 
proximate to said first plurality of conductors, 
positioned skewed with respect to said first is 
plurality of conductors in plan view, and each 
spaced from adjacent conductors of said sec- 
ond plurality of parallel conductors by a pair of 
insulators of a second plurality of Insulators: 

a third plurality of parallel conductors so 
proximate to said first plurality of conductors 
and each of said third plurality of conductors 
spaced from adjacent conductors of said third 
plurality of parallel conductors by a pair of 
insulators of a third plurality of insulators: and zs 

a fourth plurality of parallel conductors 
proximate to said third plurality of conductors, 
positioned skewed with respect to said third 
plurality of conductors in plan view, and each 
spaced from adjacent conductors of said fourth 30 
plurality of parallel conductors by a pair of 
insulators of a fourth plurality of insulators: 

wherein said first plurality of conductors 
are configured to lie substantially in a first 
plane; ss 

wherein each of said first plurality of in- 
sulators extends t^eyond said first plane toward 
said second plurality of conductors: 

wherein said third plurality of conductors 
are configured to Jie substantially in a second 4o 
plane: and 

wtierein each of said third plurality of in- 
sulators extends t>eyond s^d second plane 
toward said fourth plurality of conductors. 

45 

6. A dual sensor as claimed in claim 5 wherein 
said first plurality of conductors is aligned sub- 
stantially orthogonally with respect to said sec- 
ond plurality of conductors and said third plu- 
rality of conductors is aligned substantially or- so 
thogonally with respect to said fourth plurality 

of conductors in plan view, 

7. A dual sensor comprising: 

a first plurality of conductors that are flexi- 55 
ble. spaced from adjacent conductors by a first 
plurality of insulators, and substantially parallel 
to each other: 



a second plurality of conductors proximate 
to said first plurality of conductors, substan- 
tially parallel to each other, skewed with re- 
spect to said first plurality of conductors in 
plan view, and spaced from adjacent conduc- 
tors of said second plurality of conductors by a 
second plurality of insulators: 

a stylus surface proximate to said first 
plurality of conductors for accepting pressure 
from a finger, a stylus, or the like: 

a third plurality of conductors that are flexi- 
ble, positioned proximate to said first plurality 
of conductors, spaced from adjacent conduc- 
tors by a third plurality of insulators, and sut>- 
stantially parallel to each other; and 

a fourth plurality of conductors proximate 
to said third plurality of conductors, substan- 
tially parallel to each other, skewed with re- 
spect to said third plurality of conductors in 
plan view, and spaced from adjacent conduc- 
tors of said fourth plurality of conductors by a 
fourth plurality of insulators: 

wherein each of said conductors of said 
first and second pluralities of conductors and 
each of said insulators of said first and second 
pluralities of insulators is configured and posi- 
tioned such that each of said first plurality of 
conductors has two states: a relaxed state and 
a flexed state; said relaxed state being char- 
acterized by said conductor not being in elec- 
trically conducting contact with any of said 
conductors of said second plurality of cofKjuc- 
tors: and said flexed state being characterized 
by said conductor being in electrically con- 
ducting contact with at least or>e conductor of 
said second plurality of conductors; 

¥^erein each of said conductors of said 
first and second pluralities of cor>ductors and 
each of said insulators of said first and second 
pluralities of insulators is further configured 
such that the asserting a predetermined 
amount of pressure from a finger, stylus, or the 
like to said stylus surface causes at least one 
of said first plurality of conductors in said 
relaxed state to enter said flexed state and 
removing the predetermined amount of pres- 
sure from said stylus surface causes said at 
least one of said* conductors in said flexed 
state to enter said relaxed state; 

wherein each of said conductors of said 
third and fourth pluralities of conductors and 
each of said insulators of said third ar>d fourth 
pluralities of insulators is configured and posi- 
tioned such that each of said third plurality of 
conductors has two states: a relaxed state and 
a flexed state: said relaxed state t>eing char- 
acterized by said conductor not beir>g in elec- 
trically conducting contact with any of said 
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conductors of said fourth plurality of conduc- 
tors: and said flexed state being characterized 
by said conductor being In electrically con- 
ducting contact with at least one conductor of 
said fourth plurality of conductors: and s 

each of said conductors of said third and 
fourth pluralities of conductors and each of 
said insulators of said third and fourth plural- 
ities of insulators is further configured such 
that the asserting a predetermined amount of w 
pressure from a finger, stylus, or the like to 
said stylus surface causes at least one of said 
third plurality of conductors in said relaxed 
state to enter said flexed state and removing 
the predetermined amount of pressure from is 
said stylus surface causes said at least one of 
said conductors in said flexed state to enter 
said relaxed state. 

8. A dual sensor as claimed in any of claims 4, 5. 20 
or 7 further comprising a plurality of drivers in 
circuit communication with said third plurality 

of conductors for placing an electrical signal 
onto any conductor of said third plurality of 
conductors, each of said drivers being In dr- 25 
cuit communication with at least two conduc- 
tors of said third plurality of conductors. 

9. A dual sensor as claimed in any of claims 4, 5. 

or 7 further comprisir>g a plurality of receivers 30 
in circuit communication with said fourth plural- 
ity of conductors for detecting an electrical 
signal on any conductor of said fourth plurality 
of conductors, each of said receivers t>eing in 
circuit communication with at least two con- 35 
ductors of said fourth plurality of conductors. 

10. A dual sensor as claimed in any of claims 5 or 
7 wherein said insulators of said first and sec- 
ond pluralities of insulators comprise air and 4o 
said insulators of 'said third and fourth plural- 
ities of insulators comprise a different dielec- 
tric. 

11. A dual sensor as claimed in any of claims 5 or 45 
7 wherein said conductors of said first plurality 

of conductors comprise copper covered with 
gold flash and said conductors of said second, 
third, and fourth pluralities of conductors com- 
prise silver ink. so 

12. A dual sensor as claimed in any of claims 5 or 
7 wherein said conductors and insulators are 
deposited onto at least three substrates. 

55 

la. A method of fabricating a touchpad sensor 
comprising the steps of: 



(a) affixing a first plurality of conductors 
onto a first substrate; 

(b) affixing a second plurality of conductors 
onto the first side of a second substrate; 

(c) affixing a first plurality of insulators onto 
the first side of said second substrate; 

(d) affixing a third plurality of conductors 
onto the second side of said second sub- 
strate; 

(e) affixing a second plurality of insulators 
onto the second side of said second sub- 
strate; 

(f) affixing a fourth plurality of conductors 
onto a third substrate; and 

(g) positioning said first, second, and third 
substrates such that said insulators of said 
first plurality of insulators are in physical 
contact with said first plurality of conduc- 
tors, said insulators of said second plurality 
of insulators are in physical contact with 
said fourth plurality of conductors, said in- 
sulators of said first plurality of Insulators 
prevent physical contact between said con- 
ductors of said first and second pluralities of 
conductors until a localized pressure is ap- 
plied, said insulators of said second plurality 
of insulators prevent physical contact be- 
tween said conductors of said third and 
fourth pluralities of conductors until a lo- 
calized pressure is applied, said first and 
second pluralities of conductors are skewed 
in plan view, said third and fourth pluralities 
of conductors are skewed in plan view. 
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(71) We, Matsushita Electric In- 
dustrial Company LiMirtD, a Japanese 
company, of 1006 Oaza Kadoma, Osaka-fu, 
Kadoma-shi, Japan, do hereby declare the 
5 invention, for which we pray tliat a patent 
may be granted to us, and the method by 
vdiich it is to be performed, to be particu- 
larly described in and by the following 
statement: — 
10 This invention relates to a display or 
display and recording device, hereinaiter 
referred to, for brevity, as a display device. 
The invention includes a disjrfay device 
comprising a layer, mcluding a luminesc- 
15 ent material, the luminescent appearance of 
the device being controllable by electro- 
phoretic movement . of an dectrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer including a sus- 
pen^on medium and at least one material 
in a lorm susceptible of elcctrophoretic 
mobility suspended in t'aid medium, at 
least one of tiie components of said layer 
25 being luminescent, and at least one of the 
components of said layer being substan- 
tially opaque to the radiation which excites 
the luminescence or to visible liglit, said 
suspension being bounded by opposed sur- 
30 faces, spaced electrodes positioned whh 
respect of said surfaces whereby on apply- 
ing an dectric field across said layer be- 
tween said electrodes, the spatial distribu- 
tion of said elcctrophoretic material be- 
35 tween said surfaces is elect rophoraically 
changed whereby to change tlie luminescent 
appearance to said device, 

The invention makes possible a luntines- 
cent display device having a large and /or 



flat or curved display panel. The panel can 
be flexible. 

Other features and advantages of the in- 
vention wHl be apparent from the following 
description of embodiments thereof, given 
by way of example, and the accompanying 
drawings. In which: — 

Figures la, ib and Ic are diagrammatic 
cross-sectional views, of a display panel; 

Figures 2a and 2b are cross-sectional 
views of another form of display panel; 

Figures 2a and 3^ arc diagrammatic 
cross-sectional views of another form of dis- 
play pand; 



40 



45 



50 



Figures 4a 
cross-sectional 
display panel; 
Figure 5 is 



and 4b are diagrammatic 
views of another form of 55 



a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 60 
of an electrode for use in monogrammic 
character display pand; 

Figure 6^ is a diagrammatic cross-sec- 
tional view of the panel of Figure 6a: 

Figure 6c is a diagrammatic front view of 
an alternative fonn of the electrode of 
Figure 6a: 

Figure 7 Is a diagrammatic perspective 
view, partially broken away, of an imaee 
display panel; 

Figures 8a, 8^ and 8c arc diagrammatic 
cross-sectional views of an dectrostatic 
image display panel according to this in- 
vention; 

Figure 9 is a diagrammatic cross-sectional 
view of another form o{ image display de- 
vice; 

Figure 10 is a diagrammatic cross-scc- 
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tional view of an electrostatic image dis- 
play; 

Tqaurc II is a diagrammatic cross-sec- 
tional view of a display pand: 
5 Fi-urcs I2a and 126 are diagrammaUc 
cro^^tional vi«vs of a form of display 
panel: 

Figure I2c is a diagrammatic front view 
10 °'nie 't^' Ta'diagratnmatic perspective 
view of a member for use in the panel of 

"^'ivurlT'irts a diagrammaac cross-s^; 
tional v^ew of anofl.cr form of display de- 

^''ni die drawinss. the size and shapes of 
ei™ s arc nol to scale and numerous 
H™us have been purposely dist orted m 
size or shape for clarify. 



ter 20 desWtcs a luminescent display or 
disnl-v and recording panel whica includes 
a iLrmin^fcent decfrophorelic suspension 

OS '""Ti'C^lusnension layer 21. in a fluid state 
is contained within a housing 22 formed of 
a frame 23 and two opposed major housing 
waTs 24 and 25 of nrierial transparent to 
radiation Cux and ys'We light. 

30 Tlie suspension layer -21 presents two 
opposed mkjor surfaces exteijdins along t^c 
surfaces of the housmg walk 24 and za. 
Tl ^suspension includes a dtsperaon of at 
least one clccirophoictic material 26 m a 

-s finel" divided powder form suspended in a 

ill tliis and subsequent Figures. TT^c two 
s .rf^c -s of the suspension layer 2 are in 
An coma 't r^pectivdv with finit and second 
cKdes 28 and 29. v^iiich are of .uatenal 
„'^n to radiauon Rux and visible 
li-ht: the electrodes are attached to the 
inne^ surfaces of the housing x^-alls 24 and 

^\he electrodes 28 and 29 are mounted to 
tlJunninals of a direct voltage sou^"-"^ 30 
thro-J"h a switehing means jI. It no eicc 
trfc & is imposed on the suspension lager 
50 f^m'said souL SO.^eJmdy ^^^^^^^^ 



throudiout the suspending medium 27 as 
showii diasrammatically in Figure la. 
Radiation sources 32 and 33, for example 
55 ultia-vioict lidit sources, are posiuoiicd on 
onoositc sides of the pand so as to direct 
radh on flax on both sides of die suspen- 
Ifon lavcr. If Uie dectrophorotic material 
26 is luminescent and emits for example 
60 -reen Itaht when excited by ultra-violet ight 
S^d ti e" suspension medium 27 is "ot lum- 
h^escent and strongly absorbs the visible 
"4t^d/or flic radiation flux, the suspen- 
skm byer 2 exhibits a deep green colour 



at dectrodcs 28 and 29 in response to the 65 

'^iniiTdeep green suspension layer is sub- 
ieclod to a unidirectional electric field by 
ioltase from source 30. the clcctrophorctic 
matenal is caused to move dectrophorctit- 70 
ally in a direction toward the cathode or 
the anode, depending upon its polarity. For 
example, if Uie niaiorial is negatively 
charged, it moves and is deposited on the _ 
anode 2S. A non-uniform spaiial distribu- /.-> 
lion results as shown diagramniatioally in 

Fiaure 16. ... , ., 

This different spatial distribution of the 
material 26 results in a luminescent appear- 
ancc dilferins from that of the original sus- 1,0 
pension layer of uniform distnbuiiou. For 
Sample, the pand may show a bright green 
colour at the anode because the green light 
-T^iitted in response to_source 32 rfeiiHhe-_^ 
layer of Uic deotrophoretic matenal do- 
nosi.ed on the anode is direcUy visible 
thiou''h the s.node 28 widioul transmission 
through and absorption by t.ie suspension 
medium 27. The cathode side of the pand 
is dark, since light emitted from Uie e.eciro- 90 
nhorelic material adjacent the anode is ab- 
sorbed on tranimission through Ine suspen- 
sion medium. Reversal of the dire.liou o. 
die field by reversing the polarity of t.ie 
Silicd voltage, causes the clectrophorelic 9- 
mMerial to be dcix>sited on the cailiode 
as" shown in Figure Ic. and a reversal of 
the colour characteristic of the panel. 

The forcsoing description assumes that . 
the suspeiiiiou medium is not lununescent. iw 
but ihi^ may not be so. and a •"'••'•"'^^■^'!' 
suspension niediuiu can be used. In ih's 
case, the pand may exhibit, at its surfaces 
colours xvliich are additive mi.xturos of 
lumiiie-v:eiil colours of the inediuni and tl«, 
clccTophotorciic material. The device of 
Figure Ift or l-igare Ic will snow, at elec- 
trode 28. colours which are substamia!!\ 
ihe luminescent cdours of the eleclro- 
phoretic material or the suspension medium I 
respectivdy. Tiie colour characteristic of 
the pand depends upon the spatial distri- 
bution of the dectrophorelic material, ihc 
luminescent paiperUes of the clctro- 
-IS material and the suspension 1 1^ 
medium and transmission properties of \tK 
decirophorciic material and flic suspensipn 
niediuiU for radiation flux and visible ligi t. 
In this way. when flie device is exposed to 
Uic radiation flux its luminescent appear- i-o 
ance will change due to dectroplioreiic 
movement of the material 26. 

If only a small amount of the dci.tro- 
phoratic material is deposited on ihe anode, 
a half-tone appearance is produceU at tnu i — 
anode side of Uie pand depondent upon 
the amount of material deposited electro- 
phoreticallv on Uic anode. Hence the colour 
chotacteristic at the anode side of the panel 
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is subject to continuous control by con- 
trol- of the amount of material d<^H>sited 
dcctrophorcdcally on the electrode, and 
this can be controlled by tlie direction, mag- 
5 nilude or period of application of the volt- 
age. Since the colour at the cathode side of 
Uie panel is affected by the electrophoreiic 
movement of tlie electro phorelic material 
toward tiie anode, the colour of die dis- 
10 play panel can be changed by varying the 
magnitude, the duration and the polarity 
of the applied electric field, 

E4ectrophoredc material deposited on an 
electrode surface by electrophoresis will 
15 remain on the electrode after the removal 
of die applied electric field, and this means 
that die display device described servos to 
record information v/idiout the stistamed 
use of electric field or power. The panel 
20:^an- be -restored to its original colour by. 
an appropriate electric 'fidd of reverse 
polarity or by the applicadon of strong 
mechanical vibradons to the device. An 
applied A.C. electric field to the suspension 
25 layer can also effectively restore the original 
colour of the panel. 

With die device shown in Figure 1, 
clianges of die luminescent appearance of 
the suspension layer can be observed from 
30 both sides of the panel since the radiation 
sources are positioned one on each side of 
the panel, and two v/alls of the housing and 
the two electrodes are aH transparent to 
radiation flux and visible light If it is de- 
35 sired to observe die device from one side 
only the other housing wall and the attached 
electrode can be replaced by an opaque 
conductive plate such as a metal plate for 
example, and die corresponding radiation 
40 source omitted. A suspension layer com- 
prising a luminescent suspension medium 
and at least one luminescent or non- 
luminescent eleclrophoretic material sus- 
pended in the lummescent suspension 
45 medium can also be used. At least one of 
the components of the suspension layer, that 
is die. suspension medium or the eleclro- 
phoretic material, must be luminescent and 
anodier component must be substantially 
50 opaque to the radiation flux and /or visible 
lig^t emitted from the one luminescent com- 
ponent. Hie desired opacity can be due to 
absorption and /or rcflccdon of the radia- 
tion flux or visible lidit 

55 In another form or die device a radiation 
source is disposed behind the panel and 
visible light is emitted from the front When 
a device of this t>'pc is observed through 
the electrode 28, for example, die radiation 

60 source 32 is removed and the housing wall 

24 and the electrode 2S must be trans- 
parent to visible light and the housing wail 

25 and the electrode 29 must be transparent 
to the radiation flux. The operation of such 

65 a device can be explained with reference to 



Figures la, lb and Ic If the dectrophoretic 
material is luminescent and the suspension 
medium is non-Iuminesccnt and strongly 
absorbs light emitted from the eleciro- 
phorcuc material but transmits the radiaUon 70 
Uux widiout substantial absorpdon, the 
brightness of the device widi die same 
spatial distribudon of the electrophoredc 
material as indicated in Figures la. lb and 
Ic is medium, high and low, rcspecdvdy. 75 
On die odier hand, if die non-luminescent 
suspeiision mcdiimi does not substantially 
absorb die light emitted from the oiectro- 
phorctic material but strongly absorbs die 
radiation flux, the brightness of die device 80 
in die conditions of Figures la, lb and Ic 
is medium, low and high, respecdvcly. Thus, 
die colour characteristic of such a device at 
die side opposite the radiation source can 
be^ chang^^grp-application of a suitable "85— 
dncct voltage. There can also be used sus- 
pension layers in wiiich the. suspension 
medium is also luminescent, or the clectro- 
phoretic material is non-luminescent but 
the suspension medium is Itiminescent 90 
Wiien there is only one luminescent com- 
ponent in the suspension layer anodicr 
component in die suspension layer must be 
substantially opaque to radiation flux or 
visible light emiUed from die luminescent 95 
component 

A device m which the radiadon source is 
located behind the panel is useful for many 
display purposes as it does not require a 
large space in front of the panel, lOO 

Tiie unidirectional voltage for control- 
ling die electrophoredc material need not 
be a constant direct voltage and may be 
any oUier unidirectional voltage such as a 
pulse voltage or pulsating voltage. 105 

Tlie radiation flux for activatmg the 
luminescent suspension layer can be any of 
a number of suitable sources; in addition 
to ultra-violet light there can be used 
visible light x-ray, y-ray, electron beam or no 
a-particles. Such luminescence phenomena 
are usually called photoluminescence. radio- 
luminescence or cathodoluminesccnce, res- 
peu'tivcly. Examples of ultra-violet sources 
include fluoroescent lamps, mercury lamps, 115 
xenon lamps x)r sun light 

Ultra-violet fluorescent lamps such as, 
for example, a lamp radiadng in a range 
about 2537A. chemical lamp radiating ultra- 
violet light of about 3000A or a black light 120 
lamp radiating ultraviolet of about 36dOA 
are convenient to use. By positioning several 
lamps behind die display panel a relatively 
slim display device can be made, emitdng 
visible light information from the front of 125 
tlic panel. 

It is not necessary that the radiadon 
source should be positioned outside the 
suspension layer, and the source can be dis- 
posed inside the layer. Radioactive isotopes 130 
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ctirh for cxamDle, radium, strontium 90, 

flux such as a.particlcs or electrons. If the 
susynsion laye? includes a suitable radio- 
5 active isotope and at least one unimcsocnL 
coiS)n^t capable of radiation visible 
^Sht^JThe radiation flux from the isotope, 
Ufe device is self-luminescent and no ex- 
ternal source of radiation is required. 
,0 The means for activating the susynsion 
layer is not restricted to ^d^^^^^^/^^^f; 
^d the layer can be made to emit visible 
n^ht by excitation by an flectnc field 
applied across the suspension l^.ff. J^j^V^^ 
15 4,y electroluminescence. When the c ectro- 
phorclic suspension layer mcludcs a I^t 
one component consist ng of an electra^^ 
lummescent material in the suspens on 
laS^n electric, Md^applied across Uie 
oo suWioniay(^il^•^«se t^ic elecU^^^ 
escent material to emit visible light The 
electric Add for this purpose can be any 
Suitable time-varNing field, including an 
Sating^Mectric field, a repetitive pulse 
.5 fiiK^^^^ l^cld. When the e ectro- 

piiorolic material consists or an elcaro. 
luminescent materia!, the suspension laver 
S^^^m^de to emit ligla upon^^^^^^^^ 




field applied across the suspension layer 
To control its briglilness can change i^ie 
Sadal d^^^^ the cl^\trophoretic 

35 material in the suspens on medium e tab- 
Ushcd by appIicaUon of the unidire: i^^^^^ 
voitane. For' example, a spatial di. r,bu- 
tion hi dectrophcrelic material ^f^^^^^"^;^ 
shown in Fieures lb or Ic established by 
40 U rapplicatiSn of a "nidir^tional volmge 
may b^ destroyed by an alternatmg field 
aDDlicd from tlie voltage source 30. to con- 
trol the bri^^^^^ of the suspension layer, 
and chanire'it to the distribution of electro- 
45 X^^^^^'^^'^^ indicated a Figure 
This change in Uie spaual distribiiUon of 
t^ie electrophoretic material depends upon 
tl c masnitude, the duration and the fre- 
cuzn^v ol the alternating voltage applied 
If the clectrophoretic material suspended m 
L si^p3a medium folloNVs O^^^^^^^^ 
quencv of the applied alternating voltage to 
?iie citent of vibrating between the e ec- 
Sodc^ the device emits light, at both clcc- 
55 trSt, cydically varying at tlie frequency 
of the applied voltage. 

On Uic other hand, t^^^^. /"^P?^; 
sion layer having a spatia distribution 
of the ^electrophoretic matena^^ as sho^ 
60 in Haure la is subjected to, for cx- 
e repeated unidirectional pu so volt- 
^ffromV voltage source 30 the ne^- 
tWe dectrophoretic material, while etnit- 
n- light, moves to^vard an anode under 
65 ^xo influence of the pulse voltage and is 



deposited on the anode surface, whereby tlic 
device emits declroluminosccnt hght at 
the anode. In consequence, a device having 
a suspension laver in a liquid state bright- 
ened by an electric field having a direct 70 
component, cannot produce a stationary 
half-tone display because the applied volt- 
age deposits all of the dectrophoretic ma- 
terial on the one electrode. If, as described 
hereinafter, the suspension layer is hard- 75 
ened after the desired siwtial distribution of 
the dectrophoretic material is established 
by the unidirectional field, application of 
any electric voltage from the voltage source 
30 across the suspension layer to control SO 
the brightness of the suspension layer can 
maintain the desired colour of the display 
withoiit chandng the spatial distribution of 
the clectrophoretic material in the suspcn- 

.siottJoediunx.,*: i: :: "* _ 85 

The suspension layer may also consist of 
an dcctrolumiiicsoent dectrophoretic ma- 
terial suspended in an electroluminescent 
susneuiion medium, ff the colour of the 
iidit emitted by dectrophoretic and sus- 90 
pension mediums dilTer in hue and/or 
saturation, the colour characteristic of the 
display can be varied over a wide range 
bv varying the polarity of, for example, a 
repetuivc pulse voltage applied across the 95 
suspension layer. The electroluminescent 
suspension medium can be prepared by. for 
e?camplc suspending an electrGlumincsccnt 
non-clectrophorctic material in non-clcctro- 
luminescenl suspension medium. In the pre- lOO 
sent specification, the expression "suspen- 
sion mediunr' includes not only a single 
phase liquid or solid m-jdium but also a 
suspension comprising non-dec trophorelic 
particles suspended in a liquid or solid I05 

medium. . , 

The suspension mcJium opaque to visible 
\l2ht can be prepared by dissolving a 
coloured substance, such as a dye, in a 
colouriess liquid, or by suspending electric- 1 10 
ally neutral coloured particles, such as dyes 
or pisments, in a colouriess liquid. As an 
example, a deep blue suspension medium 
can be prepared by dissolving oil black dyes 
in ethyl acetate or kerosene. 115 

Fisures 2a and 2^. show another form of 
displav means; in these and in subsequent 
Figures, similar parts bear similar refer- 
ences. In Figure 2 a luminescent or non- _ 
luminescent porous laver is inserted m a l-W 
suspension medium 36. The suspension 
medium 36, the porous layer 35 and the 
dectrophoretic material 26 together make 
up a luminescent dectrophoretic suspcn- 
sion laver 37. Merely to facilitate cxplana- 14^ 
lion, it is assumed' that the suspension 
medium 36 is non-luminescent and transpar- 
ent with respect to radiation flux and visible 
lishL In the device of Figure 2a, when the 
device is subjected to radiation flux on bolh 130 
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its surfaces, a luminescent colour will be 
produced which is a mixture of the lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35. if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 

If for example the porous layer emits red 
10 4ight when subjected to ultra-violet light, 
the display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent ligiit ot the porous 
layer 35 and the green light of the clectro- 
i5 phoretic material. If a unidirectional electric 
field -is applied between the two electrodes 
28 and 29, the clectrophoretic material is 
caused to pass through the porous layer and 
to be dcposiied on one declrodc. depending 
20 " upoiuits j)olarity. for example Uie anode, 
as shown' in Figure 2A. Also, for case of ex- 
planation, it is further assumed that tlie 
dii;play is observed from one side only, that 
is from the side of wall 24 and that the 
25 radiation is directed against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for eAaraplc, a 
metal plate. II ihe layer of clectrophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and /or the light emitted 
from porous layer 35, the device iu the ex- 
ample given will show the green colour of 
the dcctrophorelic material. V/ith a direct 
35 voltage of opposite polarity applied between 
declrodes 28 and 29, the cleclrophcrclic 
material is caused to pass through the 
porous layer 35 and to be deposited on the 
electrode 29. If llie porous layer is substan- 
40 tially opaque to tlie radiation flux and/or 
the light emitted from the clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
v/ill be seen. Thus, the colour characteristic 
45 or the device can be changed from green 
dirough yellow, to red, or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In anollier arrangement, the radiation 
50 source is arranged behind the panel, as 
source 33, and no radiatioii is directed against 
the wall 24, from which side tiie device 
is observed. If tlie porous layer 35 and the 
clectrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque to visible light 
but .transparent to radiation flux, die 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to rod, or vice versa, again depending upon 
the polarity of the applied direct voltage. It 
is not always necessary' that the porous 
layer and the electrophorelic material 
should both be luminescent: if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating dectric voltage from 
voltage source 30. 

The porous 4ayer 35 can be made from 70 
any luminescent or non-luminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of electro- 
phorelic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission <rf radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet liaving thousands of irre- 
gular pores; a than plate with a very large 
number of veiy small holes; and a sheet 
of material of a granular nature bonded 
wiih resin or an ad^fPg.^nt to form a 85 
porous structure. 

in the construction of Figure 3ff a su*:- 
peiision medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- ^0 
plicity of description, it is assumed that the 
suspension medium 39 is non-luminescent 
and trr.nsparent to radiation flux and visible 
nght The suspension medium and Uie ma- 
terials 40 and 41 together provide a lumin- ^5 
csoeni clectrophoretic susocnsion layer 42 
llie tv/o materials 40 and 41 diiler with 
respect to charge polarities and luminescent 
properties. It is not necessary tliat both of 
the clectrophoretic materials 40 and 41 of ^00 
the sa^::pension layer should be luminescent. 
Tliis device displays at its opposite sides 
a colour which is a mixture of <he lumines- 
cent colours of the two kinds of electro- 
phoretic materials 40 and 41 v/faen excited 105 
bv radiation flux or alternating electric 
field. 

If a unidirectional electric field is aoplicd 
to ilic clectrophoretic suspension layer, the 
two electrophorelic materials <0 and 41 of i 10 
dUIcrcnt types are caused to move electro- 
pnorelicaUy in opposite directions. The ma- 
icnal of positive polarity moves towards the 
catiicde and is Uiere deposited, and that of 
negative polarity moves to and is deposited ii5 
on the anode, as indicated in Figure 3^. 
If die material of positive polarity emits, 
for example, green li^ht and the other and 
negative material emits, for example, red 
light, a spatial distribution of clectrophoretic 120 
materials 40 and 41 as indicated in Figure 
3h wiH result, producing a green colour at 
the calliode side and red colour at the 
anode, since the dearophoretic materials 
are substantially opaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
applied the device has a:, yellow colour at 
bodi electrodes, due to uniform spatial dis- 
tribution of the green-luminescent material 130 
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-a.;d the rcd-lununcsccnr^atcrial. as indi- -u -^PO^^^ .fuxTitSli 

caicd ia Pisurc 3a. ^ ^ ^ ^^^.^ alleniating pulse or pulsating dec- 

a radiation source r.l one sioc only as dcs ^.^^^-^^ dislnbut.on of li.c 

cribcd above. f.-:„„r- and electroniiorclic malorial in tlie suspension 

In the device shown i-'l"^",;:*^^ 44 mS. cicctriiniiorolicaliy so ihat tlic mag- 75 
Ab an electrophoronc Sam 39 and at of the ridiaiion (lux for producing a 

includes a suspension med""" ,„vlrials "iven bri"htncss of the iuaiincscoiil compoii- 

least two Wnds of elc^trpphorct e ^^^^^^ f^thx it^^cndori layer changes andyor • 
45 and 46 in fmely divided Pf^^^f ..J?/"^' Iht cmiltid from the luniineicent com- 

,hc two "ft'-'riais mnSu in X suspension lawr changes i.^ SO 

^li'^'SnkrJ pvS^^' Siaad/orspeeti^I properly before the 

mobiliiies and ^"™""ir^"^ ^ {^^ <,„ liirht emerges from Uie device. The sus- 

laiiially, the d-^^ice of ngu-e J« « as on i therefore, must con.pr 



example, >-liaw and Wuc light. ^^P^^^^^^^^ comnoncni. not including the one lumines- 
U^e device sho^vs '^J"te cob^^^^ addiuve P • mny be selected from 



S5 



90 



30 



35 



both types cf clectroi'l^of^' ":,^ t the Se porous" Tav^r! In Figures I to 4. if the 
caused to move clcctrophoreticall> m the J^-.PO™"^^f>^.^.j j,o^-o„e side only, for 

same direction. . </; ..v.miole from tlie side of electrode 23. ilie 95 



-giy^K^y .',1,, .oihnrii> as indicatea tne eiceirouc adjacent mui n-n. — — 

deposited «.^J^^^^^J°°thus eS^ a imnsparent to die radiation flux It is 

Iw^rf ^c c^Uiode and a possible to construct devices of d.Iferont 

ydlow cdour X^^r^"^^^^ is be- ypc by direcluig the radiation source toward ,05 

40 blue colour towaru t'^?. ''""^^ -S" 45 -u ii,at is. low-ard the front ot the 

cause the electrophoreiic malcoj^ 45 ana ^-^^ toward wall 25, Uiat is. with the 

46 are stibstant al y opaque to tt.diat.on flux panel, o^^iojta^^ ^^^^^^ ^^^^^ 

and/or visible light. ,;.„■,„ -nH r.ienl. ihe '.vail and the electrode facing iiie 

The colour of tlie display ^i^P'^y ^"f radiation source must be transparent to the 1 10 

45 recording device can be ^'ry^'^^jy J:;^^: radiation flux. 

DO pension layM_^ 7."?"^:^ SectroD^iorctic 50 includes at least one clectrophorc 
met 



55 



60 



t :^7T«hW fiim at least one of the across Uic cutiro waU 24. TTic device is ii - 

Si^'^'^nhniSe ^Sal'. The electro- tended to be ob.orvcd only from the side of 

deetrophoretio .""^7™' - ,r des at least wall ""-^ and so v.-al! 24 and the electrode 125 

phorctfc .==^STomti)nerScted f^i 32 ar^ made tra.isparonc to at least visible 

T '"r'lliro cons?<S-^^ of a suspension light If the electrophoreiic suspension ayer 

■• ^^ Fh ^ Scr/Toretk: material and a 50 is electroluminescent. the device will dis- 

mcdmm the '^'^^'^^i ; f.';^!."^^^^ play the svmboS -E' upon apnlicalion of. for 

65 Cr^Ui^'vLM^Te^S^^^^^^^^^^^ '-'"P'- ''^'^'^ 
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or an alternating or direct piHsc t>pc voltage 
between dcctrodes 51 and 52. The colour 
of the *E* can be changed for example by 
reversing the polarity of the applied direct 

5 voltage. 

When the layer 50 emits light wlicn ex- 
cited by radiation uux; the dexace is pro- 
vided v/iih at least one radiation source, in 
Tront of or bch'md the panel, and tlie wall 

10 and dcclrode attached exposed to the radia- 
lioa iiux must be transparent to it. The 
colour characteristic of the symbol- can be 
changed, while the suspension layer is ex- 
posed to radiation flux, by varying the mag- 

15 ni'iudc» duration c? application or polarity 
of tils applied direct voltage. 

Tlic construclioii sliown m Figures 6a 
and 6/> includes a lumi.ncscent clectro- 
phorciic suspension layer 50 which can be 

20 i*Jiy of t^fi^fiiitrophoretic suspension layers, 
described, such as* fciyer^ 21t 37, 42 or 44. 
The layer includes at least one clcctro- 
phoretic material suspended in a suspen- 
sion medium and is ciidosed in a housing 

95 22 having two opposite major walls 24 and 
25. 

A first electrode 53 is composed of a plur- 
aiily of separate segmental electrodes 
St — Sy. A second ciectrodc 52 extends uni- 

30 formly over tiic area of wall 24. The wall 
and electrode through which the device is 
observed arc transparent to at least visible 
Ught. V/hcn layer 50 is exposed to radia- 
tion flux to cause it to emit light, the wall 

35 and adjacent electrode exposed to radiation 
nu:: must be transparent to tiic fii^x. Elec- 
trodes S, — Sr arc connected through con- 
ductive leads io elccirical terminals T, — T; 
positioned on the exposed surface of tlie 

AO wall 5 as sliov/n m Figiire 6b. The elec- 
trodes Si — S- provide a monogram mic de- 
vice, so that difTercnt combinations of the 
c4ectrodes Si — S; cati be used to present 
difTercnt numbers or characters when a 

45 direct electric field is applied across the 
selected segmental electrodes and the .sec- 
ond dectrodc 52 wliilc lite suspension layer 
50 is exposed to radiation flux. For ex- 
ample, a direct electric field applied across 

50 the electrode 52 and the segincntal elec- 
trodes S,, S^. S;, and S^ wHl cause the 
device, to display a formalised figure *3\ 

Tn anoihcr method of connecting the seg- 
mental electrodes S, — S? to the respective 

55 termma4s, shown in Figure 6c, the electrodes 
are connected to electrical terminals located 
on tiic edges of the wall 25 by using leads 
— l^j formed on the same surface as tlie 
segmental electrodes. Otlicr methods of 

60 making the necessarj' connections can be 
adopted. 

Tlic construction of Figure 7 includes a 
suspension laver 50 which can be any of the 
layers described such as layers 21, 37, 42 
65 or 44 and as such includes at least one 



cicctrophoretic material suqjcnded in a 
suspension medium, enclosed in a housing 
22 having major walls 24 and 25. 

A first electrode consists of a series of 
strip electrodes x^. x^, x.. . . . which are 70 
parallel to each other and arc attached to 
the inner surface of v/all 24. A second 
electrode is attached to the inner surface 
of wail 25 and consists of a further series 
of strip electrodes Vi. y., y„ . . . parallel 75 
to each other and at right angles to elec- 
trodes X|, X., X- . . .. 

If the device is to be observed through 
the v/all 24 tlic wall 24 and the adjacent 
electrode must be transparent to visible 80 
light When the suspension layer 22 is ex- 
cited by the radiation flux so as to emit 
light, the device has at least one radiation 
source in front of or behmd the panel, 'fhe 
4iousing-Avall-and -llic electrode facing to- 35 
ward the radiation source arc transparent 
with respect to the radiation flux. 

A unidirectional electric field is applied 
betv/ccn one electrode of the series Xj, x,, 
X,. . . . and one of the series yi, y-, y,. . .'. 90 
If, for exa.Tiple, voltage is applied* between 
electrodes x, and y,, tliat part of the sus- 
pension layer 50 at the intersection elec- 
trodes X; and y- is subjected to the field 
and forms one picture dement Tlic 95 
narrower t!ic strip electrodes, tlic smaller 
liie picture elements thus formed. 

More liiaii one electrode can be selected 
from each series to enable a desired pattern 
of picture clc.»ncnts to be built up. Scan- loO 
ning techniques can be ut-ilized to scan tlie 
pjcture elements sequentially and cyclically. 

The desired seric:; of strip or segmental 
electrodes as shov/n in Figures 5, 6 and 7, 
can be prepared by any suitable method, 105 
such as electrodeposilion, vacuum evapora- 
tion, printing or photcctching techniques. 

Another embodiment of the invention is 
shown in Figures C</. and 8c, Tnis in- 
cludes a suspension layer 50, which can be 1 10 
any of the layen previously described. The 
layer includes at least one cicctrophoretic 
material suspended in a suspension medium 
and is eiiclosed in a housing 22 having 
spaced walls 55 and 56; at least one wait 115 
in this case wall 55, consists of a sheet of 
an insulating material such as polyester, 
cellulose acetate, cellophane or polyethyl- 
ene. 

An electrode 57 is placed on the outer 120 
surface of the wall 55: it is not fixed to the 
surface of the wall and can be easily re- 
moved, llie electrode is, however, coupled 
to the suspension layer 50. Tlic second 
electrode can be, for example, a metal plate 125 
and as sliown is constituted by the other 
v/ail 56 of the housing. 

If the second waH has a high electrical 
resistance, a second dectrodc can take the 
form of a thin electrically conductive film 130 
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" ; '■ ._f„..„ flic wall two walls, or one or both surfaces of tlio 

attached to Uic inner surfa«» of ue ^^^^ ^ ^ jj,^ ^^^^ce of the 

56: agahi. it ^^''^^^ ,P^'^^\Zch thf ^v^»- Tlic spacer need not be in- 

clcctrode. a mctol plate on ^f^^ ^J^^d in a suspension layer which includes a 
56 is placed. If the waH 55 ^ a h'p , as 35. if that layer is cap- 70 

' ZU^^'^ i^^^^^^^-^^^ the ^^-^^^^'^^'^-^^ 

can be given a pattern, and when a direct " f '^^-^ „ ^ is atlachcd 75 

10 electric field is applied corrospoiidmg pa^- " j^^^^'^o^' ^^nnccted to a voltage 

tenis are produced on the ''"rff^cs of vvaMs ^ ^J'l,,^ electrode 29 are 

r\'l.ic"Vfte£ Cd £ pattern to a" least visible light. Housing 

S^t^^lse^v^eST^r^^^^^^^ %.'Se^^;^^%eiiJr "^^^^^^ 

Visible light and Ae cxpose^^ fo rud.a- a ^utode^m> tube^^v^e. 
tion flux must be transparent to it. scanning means 62. bv whfch negative 

The electrode 57 can be a manipi^I^Ic '^^ f^^^o'^ ^ y^, 

20 electrode, such as a i^l- like ^^^^F^ ' on^c^fig^rfacb of the 

able of being moved freely over the su^ f^^rnrmodutating thi beam intensity, 

of wall 55 and K is then possible to produce J^''^^"? ?^ accoidaace «dth a video sis- 

a desired pattern, or writing, on the surface [^^ "^^^gf^^/^^ built up will pr5- 

otlhcvvall byapFlymsA^o ta^^^^^^^^ SJ^ ^^cSo^ing electric field across 90 

25 pon electrode and electrode at 56. «!ulc tne i;;-^^,^,.^ ^^.^Uc i^v^r 50. When the sus- 

electrode 57 is nioyed. _ , • . ^p^^.-^j^ ^ radiation flux. 

'^^^ ''."^^^^^iTb- produ^^^^^ ^ ^^-^ reproduced on the mils 

pension layer 50 can P™""=5^^°{ -,i 5s due to tlic movement of the c!cc- 

charging of the "^^^^ fons o el«: tronSr^c materia!. Conveniently the mdia- 95 

30 using charged particles sucli as ions or c c directed onto the suspension 

irons in a manner sunilar to t.iat used m ,„„sparent window 63 in the 



80 
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clectroslatic recording. „^H^m.. i onvtiloo- and throusli wall 55, or through 

To erase the eleclrosuatic patlem:*, a ^^^^^^ ^^ 

roller having a conductive surface <^n ofe A^^^^^^ v.^II 25 are ICK) 

35 «se<i with alternating or J^;p^to n^lon flux and lo vi^^^ 

plied to It, the ^^»^-^^;'^^i«^o,eJ --^P^ „.n:cssar>'. Tlie first 

insulating sunace of t!ie waH AltcrnauvcHi. ^ ^„ ^^^^^ the elec- 

positive or negative Iron -un 61 acts as a cathode. Tlie visible 

be put on the surface of the ^vall to produce ^^^^ ^^^^ ^ .citable second- 105 

40 the erasing electric held. emi-'^-sion char^cterLstic of xvall 55. . 

It is preferred to uisert between walls 5d -^^^ ^ modification of the display device 

and 56 a spacer such as a po-^o^.^^y^"^ ?^*- <;i,oiva in Hsure 9 Uic v^'all 55 is replaced by 

as shown in Figure 8^. or a sheet navin^ - wire-mosaic faceplate consisting of a 

a large number of projections as sho\vn in ^^^.^ ^^^^^ ^^^^^ \iQ,vinr[ embedded therein llO 

45 Figure 8c, particularly when the walls are ^'^^^^ number cf finest ransvericly extend- 

oE flexible material. Said spacer is suDstan- .^^^ ^.^^ -^^j^ wirc-uicsaic provides the 

nailv transparent to visiWe lignt and raaia- ^(^.^rioal connection between the electron 

tion flux and serves to keep lae walls !>d ^^^^ ^ vacuum and the clectrophoretic 

and 56 apart, and presenc tlie desiaa .j^j^^ i^y^r outside the vacum. The 115 

50 Uiickness of layer 50 despite P«ssurc ^^^i^^^^ ^^^^ charges the wires of the 

applied to the wall of die housing, due to ^^^^.^ ^ j^^^jj^ ^^^^ electric field 

Uic pressure of the electrode 57 or to D«ia- ^^^^ suspension layer, 

ing of the housing, where tt^e elytra. arran-ement includ- 

iJ^lSiSorprojecUonsandsuiU^^^^^ ^."/d^ al'leSlTnefS^ctlhoISK^ 

terial is a screoii made of nylon wJeUon^ ™d^ if a s.^S^ medium and is 

Tetron is a t^^cnai^of a p^^^ ajSto a b4 plate or sheet 65 which can 

fri!^.^! •i^.'S-.J^c^h,^,^*^^llv'^^^^^^^^^ b^^t material sudx as paper, metal or 
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quisite degree of dectrophotcric mobHity esccat v?hen the suspension medium or the 

is possftle when vdtage is applied, A suit- porous layer is luminescent; non4umincs- 

able suspension layer may be in a solid state cent clectrophoretic material which can be 

at room temperature but capable of being used includes, for example, carbon black. 

5 softened by a suitaWc method, such as graphite or titanium dioxide. Black pigment 70 

heating or the addition of a solvent. may be opaque due to absorption of visible 

An electrode 57 is shaped to give a de- light and white pigment may be opaque due 

sired pattern of contact with the surface of to reflection of visible ligjit 

the suspension layer. A direct electric field An clectrophoretic materiai suspended in 

10 is applied between the elecu-odes so as to a suspension medium usually has a charge 75 
move the clearophorelic material electro- which is positive or negative depending upon 
phorctically v/h'iXo the suspension layer is the properties of the clectrophoretic ma- 
softened by heat or by means of a solvent tcrial and the suspension medium. 

The suspension layer is exposed to radia- Tlic clectrophoretic suspension iayer 27 
15 tion flux and when tliercafter tlie dectrode or 37 of Figures la or 2a can consist of a 80 
57 is removed the pattern remains on the single clectrophoretic material of either 
surface of die suspension layer. If the base positive or n<^tive polarity, suspended in 
plate is transparent, a complementary pat- a suspension medium. The dectrophoreiic 
tcm of different colour can be obsen'cd suspension layer 42 or 44 of Figures 3a 
20 througji the base plate. A permanent 5|^ni ^ or 4a must include at least tv/o kinds_of 85 
can be produced by coolmg the: ^^^i5h"' clectrophoretic materiaTs suspeiidc3nS--thc ~ 
layer or by evaporating the solvent as the medium. These two kmds of dectrophoretic 
case may be. If tlie base plate 65 is con- materials must have different luminescent 
ductive. it may be used as the electrode, and properties, and different charge polarities 
25 a separate dectrode 66 is not required. or clectrophoretic mobilities. Accordingly. 90 
The luminescent component in the in preparing an dcclrophoretic suspension 
luminescent dectrophoretic suspension layer ^aye^ suclx as 42 or 44, at least two electro- 
can be a fluorescent material of the type phorctic materials having suitaWc lumines- 
used in fluorescent lamps, scintillators, coiu properties and dectrophoreiic proper- 
30 cathode ray tubes, radar or luminous paints, ties must be selectivdy suspended in the 95 
The luminescent clectrophoretic muteriai suspension medium, 
can be organic or inorganic fluorescent ma- The suitable average particle sizes of the 
terials in a finely divided powder form; finely divided particles depend upon the 
fluorescent pigments or dyes can be used stability of tlie resultant dectrophoretic sus- 
35 directly, nuoresccnt material wnich can be pension, and lie usually m the ran'^c from 100 
used include material in the form of a main o.l;t to 50/a. ^ 
body consisting of die oxide, sulphide, [r advantageous to add a suiiable 
selenide, silicate, phosphate or tungstate of diarge control agent, dispersion a<»ent or 
metal such as calcium, barium, magnesmm, stabilizing agent to the dectrophoretic sus- 
40 zinc, cadmium or strontium. A small amount pension layer in order to provide a stable 105 
of manganese, silver, copper, antmiony. lead suspension layer. To control die cliar<*e pro- 
or bismuth is added, as an activator, to the periy of the suspended partides it Is mc- 
main body. Organic fluorescent matenals ferrcd to use particles coated v/hh a resin 
which can be used include dyes such as which is not soluble in. or only partially 
45 diaminosUIbene group, fluorescein, thio- soluble in. the suspension medium: If the HO 
flavine, cosine or rhodamine E. coating resm is partially soluble in the sus- 
The luminescent appearance of the ma- pension medium, it can also act as a fixing 
tcrial refers to the intensity and/or spectral agent for a displayed image, 
distribution and persistence of the light There can be used, as a suspension 
50 emitted from die lumuiescent material in medium any suitable liquid v/iiidi is inert 115 
response to radiation flux or electric field to the electrophoretic material, the porous 
applied thereto. Suitable luminescent sus-* layer, the housing and the electrode. For 
pension medium can be prepared by dissolv- producing a temporary display there can be 
ing the fluorescent dye in a liquid carrier used as a suspension medium in a iiquid 
55 or by suspending electrically neuiral fluores- ^'^^^^ room temperatures, tliat is from 120 
cent material in finely divided powder form 9"*^ to 35 'C. Suitable suspension media 
ia a liquid carrier. include, for example, kerosene, trichlorotri- 
Thc luminescent porous layer can be fluoroetliane, isopropyl alcohol, mineral oil, 
prepared by using non-luminescent cloth, liquid paraflin or olive oil. For producing 
60 mesh or porous layer material, dyed or ^ permanent display, that is, a permanent 125 
coated with fluorescent dye or pigment or o*" sonii-permanent copy, the suspension 
by binding together fluorescent materhl in medium may be one which is in a solid 
granular form, using resin or adiiesive ^^^^^^ ut room temperature but can be 
agent, to form a porous structure. The rendered fluid or liquid-- above room tcm- 
65 dectrophoretic material need not be lumin- pcraiures, that is, above 35'C. Such media 130 
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'■ ; . ^ ,„i iv>hind she panel the metal plate can be 

include, for cample ^vax^„='"^J ^J^;, by a sLnd ira.isparc|,t glass plate 

^ VKCtable %vax, paraffin or s.ntliUh, .^^pu^^ ^Ja^^av^ film on iL TIk:sc nieOiods 

aCdl^ roon.^f^V^:^}^A!^f^:^ J^^^S^Lx be introduced by pro- 

n- tlic display. Afwr tne '^<:\'-^Jf\^J^ ^. Ji,'„ a iiou^ins svith only one major wall 

s^,ic.:tod to the direct clcclnc field at tao v urn ..^ ^^^^ suspension aiid then 75 

10 higll-r ten,perau.re and ^hc ^^^^^ ^ ed a mching'lhe closing wall, or the hcusmg 

bulion of tiio el«:trop..o«uc ma^^"^^^^^ complied but for 
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poured, and tlw inlet closcQ wnen u.e 



25 



30 



juch as poivMj'w. ■■"J- " .,,__i,„i--;ic inn lavcr sunaoie lor ii uiuspaicnt -- 

Ihiseed od wiiich fixes .the ^''-"^'J'^f t^™ he housin-. Vac 'hickness of the lawr 70 

and a hard copy having a pv,rnianenuy "^'-'-'J^ t!ie laver and the ciectro- W> 

40 v ie image reproduced thereon^an b. - 22 should have, 

obtained by cvaponiVin3 or c-^lr^-^"* "r 'p.. nncn'tion at a low voltage it is oesnable 

°M tn^ium.^ The evaporation or e.- For op^r^^o^ y h ,;e an 

traction of the mcdjum can be ca-^Ud o t ^^^^ no greater Uian that of 

reduced pressure apP''=? „^°hc HoJs'"" in- iljc suspension layer 22. ./ 

45 for example, by evacuating the - "'-p 'suspension layer can be divioed to 

cludmsi clectrophoreuc f ^'f ri/fenncd present a series of individual cells or chan - 

pension medium through an outlet fonnca Pr-^" ^^ f^,^,^ ^ composite hjer. For 

in a v.-all of tlic housmg. c^ninlc. as shown in Figure 12a the su.<:pen- 

Suitable housjnss can be made of m ^^^^ ^ J3 ,pjit up by a pl^^ahty o 115 

50 available material ''^ Ji .*:^!^^ spacers' 71 cxteiidUig imversely of U e 

suspension medium and the «=-'~P^?'^^ g,,^, .0 as to present a tiuraber of cdls 
kterial. For examp c. riie ta^^^^ contaiiLg. the su.spens.on n« 

be formed from a plastic s.ica bo provided by.a sheet o. ni. - 

central opening. One 'l;^^;-'^:^^'^!" ^irial 73 having holes iterein as shoxvn . 1-0 
ided Avidi a metal p ate sca^>^ " ^ jj^.j ,..e suspc 



central iiijcuiug. <a-unHl bv tera Vj iiavmg noio , " " .„ 

55 be provided v/idi a metal p ate ^-i''^^- % ,3 u^ed so as to divide the suspc 1- 

adhWive io the frame: S"ch a P^t- wav ^i j ^ chambers or cells, 

^rve as one dectrode as d^cnbfj^^^^ "ilie ^!ls. formed by holes 74 or other- 
other xvall can bs provided by a transp^^^^ j . ^^.^^^^ shape, such as 

"lass plate secured to the frame by adli«ive. v . e. ^ ^ ^ circular, rec - 

60. afplate having on it ^XT^ tia o^^'^ Sbr iSagonal. aHd so on. The ceUs 

live thin film such ?.s a f"!" ^an b«5 r""'^"" "regular in shape and 



